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Preface

Without water, life cannot exist. Thus, securing an adequate
supply of fresh, clean water is essential to the health of
humankind and the functioning of modern society. Water is
also known as the universal solvent—it is capable of
dissolving a vast number of natural and synthetic chemicals.
Increasing population and the contamination of water with
municipal, agricultural, and industrial wastes has led to a
deterioration of water quality and nearly all sources of water
require some form of treatment before potable use. This
textbook is designed to serve as an introduction to the field
of water treatment and the processes that are used to make
water safe to drink.

The authors of this book have collaborated on two books
that are intertwined with each other, both published by John
Wiley and Sons, Inc.The other book, MWH's Water
Treatment: Principles and Design, 3rd ed. (Crittenden et al.,
2012), was the source for a significant portion of the
material in this book. The focus of this present book is on
principles of water treatment; it is suitable as a textbook for
both undergraduate and graduate courses. The other book
is an expanded edition, nearly triple the length of this one,
that provides more comprehensive coverage of the field of
drinking water treatment and is suitable as both a textbook
and a reference for practicing professionals. The unit
process chapters of MWH's Water Treatment: Principles and
Design contain a detailed analysis of the principles of
treatment processes as well as in-depth material on design.
MWH's Water Treatment: Principles and Design also provides
extensive chapters on the physical, chemical, and
microbiological quality of water, removal of selected
contaminants, internal corrosion of water conduits, and case
studies that are not included in this book. Students who use



this textbook in a class on water treatment and go on to a
career in design of water treatment facilities are encouraged
to consult MWH's Water Treatment: Principles and Design on
topics that were beyond the scope of this textbook.
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Chapter 1

Introduction

1.1 The Importance of Principles
1.2 The Importance of Sustainability
References

Securing and maintaining an adequate supply of water has
been one of the essential factors in the development of
human settlements. The earliest communities were
primarily concerned with the quantity of water available.
Increasing population, however, has exerted more pressure
on limited high-quality surface sources, and contamination
of water with municipal, agricultural, and industrial wastes
has led to a deterioration of water quality in many other
sources. At the same time, water quality regulations have
become more rigorous, analytical capabilities for detecting
contaminants have become more sensitive, and the public
has become more discriminating about water quality. Thus,
the quality of a water source cannot be overlooked in water
supply development. In fact, most sources of water require
some form of treatment before potable use.

Water treatment can be defined as the processing of water
to achieve a water quality that meets specified goals or
standards set by the end user or a community through its
regulatory agencies. Goals and standards can include the
requirements of regulatory agencies, additional
requirements set by a local community, and requirements
associated with specific industrial processes.



The primary focus of this book is the principles of water
treatment for the production of potable or drinking water on
a municipal level. Water treatment, however, encompasses
a much wider range of problems and ultimate uses,
including home treatment units and facilities for industrial
water treatment with a wide variety of water quality
requirements that depend on the specific industry. Water
treatment processes are also applicable to remediation of
contaminated groundwater and other water sources and
wastewater treatment when the treated wastewater is to be
recycled for new uses. The issues and processes covered in
this book are relevant to all of these applications.

This book thoroughly covers the fundamental principles
that govern the design and operation of water treatment
processes. Following this introduction, the next three
chapters provide background information that is necessary
to understand the scope and complexity of treatment
processes. Chapter 2 describes the relationship between
water quality and public health, introduces the types of
constituents that are present in various water supplies, and
outlines some of the challenges faced by water treatment
professionals. Chapter 3 introduces how the
physicochemical properties of constituents in water and
other factors guide the selection of treatment processes.
Chapter 4 introduces the core principles necessary for
understanding treatment processes, such as chemical
equilibrium and kinetics, mass balance analysis, reactor
analysis, and mass transfer. Chapters 5 through 13 are the
heart of the book, presenting in-depth material on each of
the principal unit processes traditionally used in municipal
water treatment. Chapter 14 presents material on the
processing of treatment residuals, a subject that can have a
significant impact on the design and operation of treatment
facilities.



1.1 The Importance of
Principles

From the 1850s to about the 1950s, water treatment
facilities were frequently designed by experienced
engineers who drew upon previous successful design
practices. Improvements were made by incremental
changes from one plant to the next. Treatment processes
were often treated as a “black box,” and detailed
understanding of the scientific principles governing the
process was not essential in completing a successful design.
In recent years, however, significant changes have taken
place in the water treatment industry that require engineers
to have a greater understanding of fundamental principles
underlying treatment processes. Some of these changes
include increasing contamination of water supplies,
increasing rate of technological development, and
increasing sophistication of treatment facilities.

Early treatment practices were primarily focused on the
aesthetic quality of water and prevention of contamination
by pathogenic organisms. These treatment goals were
relatively clear-cut compared to today's requirements. Since
about the 1950s, tens of thousands of chemicals have been
developed for a wide variety of purposes—about 3300
chemicals are produced in quantities greater than 454,000
kg/yr (1,000,000 Ib/yr) in the United States. Some chemicals
have leaked into water supplies and have carcinogenic or
other negative health impacts on humans. Many water
supplies are now impacted by discharges from wastewater
treatment plants and urban storm sewers. Engineers may
be required to identify and design treatment strategies for
chemicals for which no previous experience is available. As
will be demonstrated in Chap. 3, treatment processes
depend on well-established physicochemical principles. If



the scientific principles are understood, it is possible to
identify candidate processes based on the expected
interaction between the properties of the contaminants and
the capabilities of the processes. For instance, by knowing
the volatility and hydrophobicity of a synthetic organic
chemical, it is possible to predict whether air stripping or
adsorption onto activated carbon is a more suitable
treatment strategy.

Technology has been accelerating the pace at which
treatment equipment is being developed. Engineers are
faced with situations in which equipment vendors and
manufacturers have developed new or innovative
processes, and the engineer is assigned the task of
recommending to a client whether or not the equipment
should be evaluated as a viable option. Potable water is a
necessary part of modern society, properly working
processes are a matter of public health, and consumers
expect to have water available continuously. Practical
knowledge of previous successful design practices may not
be sufficient for predicting whether new equipment will
work. Understanding the scientific principles that govern
treatment processes gives the engineer a basis for
evaluating process innovations.

Treatment plants have gotten more complex. Sometimes
facilities fail to work properly and the engineer is called in to
identify factors that are preventing the plant from working
or to recommend strategies to improve performance. Often,
the difference between effective and ineffective
performance is the result of scientific principles—a
coagulant dose too low to destabilize particles, a change in
water density because of a change in temperature,
treatment being attempted outside the effective pH range.
In these instances, scientific principles can guide the
decision-making process regarding why a process is not



working and what changes to operation would fix the
problem.

As a result, the range of knowledge and experience
needed to design water treatment facilities is extensive and
cannot be learned in a single semester in college; today's
design engineers need both knowledge about the
fundamental principles of processes and practical design
experience. This book provides a solid foundation in the
former; other books focus more on the latter, such as books
by Kawamura (2000) and AWWA and ASCE (2004). In
addition, a companion book written by the authors, MWH's
Water Treatment Principles and Design, 3rd ed. (Crittenden
et al., 2012), covers both principles and design. While the
coverage of that book is broad, it is nearly triple the length
of this book and is difficult to cover in detail in a single
engineering course. This book takes a focused approach on
principles of water treatment and does so with the
perspective of applying principles during design and
operation so that it will serve as a useful introduction into
the field of water treatment.

1.2 The Importance of
Sustainability

Another concept in this book is that sustainability and
energy consumption should be considered in selecting
treatment processes, designing them, and operating them.
There are several reasons for this approach. First, the
withdrawal, conveyance, treatment, and distribution of
potable water—and subsequent collection, treatment, and
discharge of domestic wastewater—is one of the most
energy-intensive industries in the United States. Only the
primary metal and chemical industries use more energy. A
focus on sustainability and energy considerations will help



the water treatment industry develop ways to be more
efficient while conserving resources.

Water demand has grown in urban areas and adequate
supplies of locally available, high-quality water are
increasingly scarce. Simultaneously, the ability to detect
contaminants has become more sophisticated, negative
health effects of some constituents have become more
evident, regulations have become more stringent, and
consumer expectations of high-quality water have become
more strident. The growing trend toward use of poor-quality
water sources, coupled with these other effects, has
stimulated a trend toward more advanced treatment that
requires more energy and resources. Increasing energy and
resource use will contribute to greater pollution and
environmental degradation; incorporating sustainability and
energy consumption into process and design practices will
offset that trend and allow higher levels of water treatment
without the negative impacts.

Ultimately, the most important reason to consider
sustainability in water treatment plant design is an issue of
leadership. Environmental engineering professionals—the
engineers who design water treatment facilities—ought to
be more knowledgeable about environmental considerations
than the general public and should demonstrate to other
professions that successful design can be achieved when
the environmental impacts are taken into account. The
section on sustainability and energy considerations at the
end of each of the process chapters in this book is a small
start in that direction.
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Chapter 2

Water Quality and Public Health

2.1 Relationship between Water Quality and
Public Health

2.2 Source Waters for Municipal Drinking Water
Systems

2.3 Reqgulations of Water Treatment in the United
States

2.4 Evolving_Trends and Challenges in Drinking
Water Treatment

2.5 Summary and Study Guide

References

The primary purpose of municipal water treatment is to
protect public health. Water can contain a wide array of
constituents that can make people ill and has a unique
ability to rapidly transmit disease to large numbers of
people. The purpose of this chapter is to introduce the
relationship between water quality and public health and
identify the major sources of contaminants in water
supplies. The basic features of drinking water regulations in
the United States are introduced. The chapter ends with a
description of some of the challenges, competing issues,
and compromises that water treatment engineers must
balance to successfully design a water treatment system.



2.1 Relationship between
Water Quality and Public
Health

History of Waterborne Disease

Prior to the middle of the nineteenth century, it was
commonly believed that diseases such as cholera and
typhoid fever were primarily transmitted by breathing
miasma, vapors emanating from a decaying victim and
drifting through the night. Serious engagement in treatment
of public drinking water supplies began to develop in the
last half of the nineteenth century after Dr. John Snow
identified the connection between contamination of drinking
water and waterborne disease. Snow's discovery was later
supported by the advocacy of the germ theory of disease by
the French scientist Louis Pasteur in the 1860s and the
discovery of important microbial pathogens
(microorganisms capable of causing disease) by the German
scientist Robert Koch. These developments led to the
understanding that gastrointestinal disease spreads when
the pathogens in the feces of infected human beings are
transported into the food and water of healthy individuals—
exposure via the so-called fecal-to-oral route. As a result, a
number of strategies were developed to break the
connection between drinking water systems and systems for
disposal of human waste. These strategies included the use
of water sources that are not exposed to sewage
contamination, the use of water treatment on contaminated
supplies, the use of continuously pressurized water systems
that ensure that safe water, once it is obtained, could be
delivered to the consumer without exposure to further



contamination, and the use of bacterial indices of human
fecal contamination.

Continuous chlorination of drinking water as a means for
bacteriological control was introduced at the beginning of
the twentieth century. In the next four decades, the focus
was on the implementation of conventional water treatment
and chlorine disinfection of surface water supplies. By 1940,
the vast majority of water supplies in developed countries
had “complete treatment” and was considered
microbiologically safe. The success of filtration and
disinfection practices lead to the virtual elimination of the
most deadly waterborne diseases in developed countries,
particularly typhoid fever and cholera, as depicted on Fig.
2.1 (CDC, 2011).

Figure 2.1 Decline in the incidence of typhoid fever in the
United States due to the provision of higher quality drinking
water and other sanitation and hygiene practice

improvements. [Data from CDC (2011).]
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